ABSTRACT. Background. Black women are particularly vulnerable to obesity, with a prevalence rate of >50%. The higher mortality and morbidity from cardiovascular disease, stroke, and diabetes have been attributed, in part, to their obesity. In recent years, a particular public health concern is the increasing secular trend in obesity with an even greater racial disparity, especially in girls and women. Between the early 1960s and late 1980s, the prevalence of obesity tripled in young black girls 6 to 11 years of age, while it doubled in white girls. Similarly, both overweight and obesity in adolescent girls 12 to 17 years of age also increased, with a greater increase again seen in adolescent black girls. This secular trend in obesity with a greater increase in black girls signals a potentially grave future chronic disease burden on black women, which is already higher than in white women. The increasing occurrence in children and adolescents of noninsulin-dependent diabetes, traditionally viewed as an adult-onset condition, may be a consequence of the currently high prevalence of obesity in American youth. Not surprisingly, this condition is seen more frequently among black youths.
heavier girls, BMI at the 85th percentile even at age 9 years was 11% greater in black girls and became 23% greater by age 19 years. Differences in BMI at the 95th percentile also increased from 3.6 to 8.1 kg/m 2 between ages 10 and 18 years.
After adjusting for stages of maturation in multivariate longitudinal regression models, adiposity for black girls became significantly greater at age 12 years compared with white girls. The largest gain in adiposity for both groups was seen at the time of pubescence, an approximate increase of 8.0 mm in SSF for white girls and 10.8 mm for black girls. The next milestone for a gain in adiposity occurred around menarche with an increase in SSF of 5.0 mm for white girls and 3.4 mm for black girls. Additionally, there was a significantly greater accrual of adiposity with earlier achievement of menarche, ie, a gain of 3.7 mm for white girls and 3.0 mm for black girls for each year. Although the effect of puberty on the gain in adiposity was similar for both races, for each chronological age, there was a greater accrual of adiposity in black girls because they matured earlier than white girls. Energy intake was significantly and inversely associated with increasing adiposity but not with levels of physical activity.
Conclusion. The time of the largest accrual of body fat occurred around the 2 major pubertal milestones, the onsets of puberty and menarche. Even after adjusting for pubertal maturation, after age 12 years, black girls were significantly fatter than were white girls. Earlier menarche conferred an additional risk for greater gain in adiposity for both racial groups. Primary prevention of obesity, therefore, should commence with fostering the maintenance of normal growth in young girls before the initiation of pubertal maturation because increased adiposity is associated with earlier menarche. Next, and more importantly, pediatricians should be particularly vigilant with growth monitoring during the critical milestones of pubertal development, a vulnerable time for a large accrual of adiposity. Greater emphasis needs to be placed on preventive efforts in black girls to minimize their risk for developing obesity during adolescence. Pediatrics 2001;107(3). URL: http://www.pediatrics.org/ cgi/content/full/107/3/e34; race, adolescence, adiposity, body mass index, obesity, pubertal maturation, energy intake, physical activity.
ABBREVIATIONS. CHD, coronary heart disease; BMI, body mass index; NHLBI, National Heart, Lung, and Blood Institute; NGHS, NHLBI Growth and Health Study; SSF, sum of the skinfolds; GEE, generalized estimating equations.
T here has been a dramatic decline in coronary heart disease (CHD) mortality in the United States since the late 1960s. However, the decline has not been uniform, with age-adjusted annual CHD mortality still ϳ36% higher in black women than in white women. 1 The excess CHD mortality in black women has been attributed, in part, to their higher prevalence of obesity, 2-4 because obesity is known to be associated with many of the major CHD risk factors. 5 Although CHD mortality has continued to decline in recent years, paradoxically, the prevalence of obesity has actually increased, even in children. 6 -10 Of particular public health concern is this racial difference in the secular trend in the prevalence of obesity, especially in girls and women. A national survey (National Health Examination Survey) conducted during 1963 to 1965 showed that the prevalence of overweight (body mass index [BMI] Ն85th percentile) in young (ages 6 -11 years) black girls was lower than in white girls. 10 However, ϳ25 years later, the prevalence of overweight (using those same cutpoints) has not only increased for both racial groups, but increased more in young black girls than in the same age white girls (by 153% vs 40%). 10 Between the early 1960s and the late 1980s, the prevalence of obesity (BMI Ն95th percentile) tripled in young black girls and doubled in white girls. During the same period, both overweight and obesity in adolescent girls (ages 12-17 years) also increased, with a greater increase seen again in black girls. If this increase in obesity prevalence continues, it could result in substantial increases in morbidity and mortality from obesity-associated chronic diseases, particularly for black women. There is already evidence that obesity-associated morbidity, such as noninsulin-dependent diabetes mellitus, may be manifested before adulthood and is seen more frequently among black youths. [11] [12] [13] In general, prepubescent black girls are not heavier or fatter than comparable age white girls, 14, 15 although by early adulthood, black women are significantly heavier than white women. 2, 4, 6 Thus, racial disparity in adiposity evolves sometime during adolescence, and this is when factors associated with the excessive fat gain in black women may be identified. The specific time during adolescence when racial divergence in obesity occurs and the factors responsible for this disparity are still not well understood. In 1985, the National Heart, Lung, and Blood Institute (NHLBI) initiated a longitudinal multicenter research program, the NHLBI Growth and Health Study (NGHS), to investigate the development of obesity in black and white girls during adolescence and its environmental and psychosocial correlates. 16 The purpose of this report is to describe the changes in adiposity in the NGHS cohort of girls and to examine the onset of the racial divergence in adiposity from ages 9 to 10 years to 18 to 19 years. Changes in adiposity were examined longitudinally in the context of pubertal maturation, energy intake, and physical activity from ages 9 to 19 years.
METHODS

Study Design
The NGHS is a multicenter cohort study of black and white girls on whom longitudinal observations were made with annual visits. The study participants were ages 9 to 10 years at the first visit and 18 to 19 years at the 10th annual visit, the final year of the planned NGHS follow-up.
Study Sites and Population
NGHS is a collaborative research program involving 3 field centers, a central data coordinating center, and the NHLBI project office. Participant eligibility was limited to girls and their parents who declared themselves as being either black or white and who lived in racially concordant households. To limit cultural heterogeneity, Hispanic blacks and whites were excluded. Participants were recruited from schools in the Richmond school district in California, and Cincinnati, Ohio, and from families enrolled in a health maintenance organization in the greater Washington, DC area. Recruitment strategies were designed to include a wide distribution of household incomes and parental education within each race. Informed consent was obtained from all participants and their parents. The NGHS protocol was approved by the institutional review boards at all participating centers.
Clinical Measurements and Data Collection
The study protocol and data collection methods for the NGHS have been described previously. 16 All clinical assessments including anthropometric measures, blood pressure, and stage of pubertal maturation were obtained annually by examiners who were centrally trained and certified to follow a common protocol. These examiners were retrained annually and were regularly monitored for consistent measurement methods throughout the study. Height was measured to the nearest 0.1 cm with the girls wearing socks, using custom-made stadiometers. Weight was measured to the nearest 0.1 kg with the participant wearing only a large NGHS standard tee shirt, using calibrated Health-o-meter electronic scales (Bridgeview, IL). Skinfold measurements were obtained to the nearest 1 mm at the triceps, suprailiac, and subscapular sites with Holtain calipers. Sexual maturation was assessed by trained registered nurses using criteria developed by Garn and Falkner, based on Tanner staging principles, but modified for the study of obesity in a biracial population. 17 Specific staging plates were developed for evaluation of both pubic hair and areolar development. Girls were queried annually on menstrual periods to ascertain the age at menarche and whether they were pregnant or had delivered a child for ascertainment of pregnancy and parity.
A 3-day food diary and a 3-day physical activity diary were administered in tandem. Both diaries included 1 weekend day and 2 weekdays. The completed food and activity diaries were reviewed by centrally trained and certified nutritionists. Nutrient composition was coded centrally by the Nutrition Coordinating Center at the University of Minnesota for the first 2 years and thereafter at the Dietary Data Entry Center at Cincinnati Children's Hospital, using the Nutrient Data System developed by the University of Minnesota. The NGHS dietary data collection method has been previously validated. 18 The estimation of daily activity levels was based on the sum of the recorded activities, which were scored with approximate metabolic equivalent levels and duration of the activity. 19 Coding and scoring of physical activity information was centrally coordinated by the Physical Activity Data Unit at the University of Pittsburgh. The schedule of measurements is outlined in the "Appendix."
Statistical Methods and Data Analysis
Data from girls who were pregnant or those Ͻ3 months postpartum were excluded from that particular visit's data analysis (2.0%-2.6% from years 6 -10 except for 3.9% in year 9). For daily energy intake and level of physical activity, the average of the 3-day diary values was calculated. The percentage of girls at each sexual maturation stage was calculated by race and age at last birthday. Adiposity was assessed using the sum of the 3 skinfold (SSF) thicknesses at the triceps, subscapular, and suprailiac sites for data analysis.
Race was defined as a binary variable with white girls as the reference group. Age in years at last birthday was included in these models by a set of indicator variables. The treatment of age as categorical variables was to purposely avoid the assumption of a linear relationship between age and the outcome variable under study, ie, the SSFs. For the purpose of data analysis, pubertal maturation was defined as the following categorical variables: stage 1 was prepubertal; stage 2 was pubertal, but premenarcheal; and stage 3 was within 1 year after the onset of menarche. Stages 4 and 5 onward denoted years postmenarche with stage 3 as the menarcheal milestone. For instance, stage 4 represented 1 to 2 years postmenarche, while stage 5 denoted 2 to 3 years postmenarche. This approach to pubertal maturation staging was developed to further distinguish the years postmenarche in the latter years of the study because virtually all participants had achieved menarche by age 15 years.
Unadjusted analyses used 2-sample t tests to compare differences in SSF and BMI between black and white girls at each age. Longitudinal regression models were fitted to estimate the effects of age, race, maturation stage, physical activity score, and total energy intake on SSF. Because lean body mass is a substantial component of BMI and there are racial differences in the proportion of lean body mass and fat mass, SSF was used as the outcome variable for regression models. 20, 21 The generalized estimating equations (GEE) method of Liang and Zeger 22 was used to fit the models to take account of the correlations among repeated observations on the same participant. Because of the differences in the slope of the means of SSF from ages 9 to 14 years and from 14 to 19 years (Fig 1) , 2 separate models were developed with ages 9 and 14 years, respectively, as the reference ages for the models for the 2 age groups. In the models for ages 9 to 14 years, pubertal maturation stage was the categorical variable with stage 1 (prepubertal) serving as the reference. In the models for 14 to 19 years, when most girls achieved menarche, age at menarche as a continuous variable was used for maturation stage.
The initial model that included race, age, and the entire spectrum of the pubertal maturation stages indicated a significant race effect on SSF. Tests of interaction between race and age and between race and maturation stage were performed using global tests between blacks and whites in the effect of age and/or pubertal maturation on SSF. Because there was significant race-byage interaction on SSF, subsequent models were race-specific to further examine potentially differential effects of age, pubertal maturation, energy intake, and physical activity, on the increase in SSF in the 2 racial groups.
Global tests on sets of indicator variables for age, pubertal maturation stage, and interactions were performed using an overall 2 test. If the global test was significant, individual terms were then investigated for significance without attempts to adjust P values for multiple tests required to arrive at the final model.
RESULTS
A total of 2379 black (1213; 51%) and white (1166; 49%) girls ages 9 to 10 years were recruited. The overall cohort retention rate at the 10th annual visit was 89% (91% black; 88% white; 84%-94% across the 3 field sites).
Adiposity, as indicated by the mean SSF at the triceps, subscapular, and suprailiac sites, increased linearly until age 14 years in both race groups after which it seemed to plateau and began to increase again at age 18 years (Fig 1) . The mean SSF in black girls became significantly higher than that of white girls at age 10 years and remained so thereafter. The racial difference in mean SSF was virtually constant from ages 12 to 17 years, but began to widen at age 18 years with the SSF in black girls increasing at a greater rate than in white girls. Figure 2 presents selected percentiles (15th, 50th, 85th, and 95th) of SSF by race. The 15th percentiles were similar between the 2 racial groups throughout the study. The median (50th percentile) for SSF in black girls became greater than that for white girls at age 12 years with a difference of 6 mm at age 19 years. In contrast, the 85th percentile was always substantially larger in black girls compared with white girls at all ages and the difference widened with age, from a difference of 9 mm at baseline to 20 mm by age 19 years. Although the racial difference for the 95th percentile at age 9 years was similar to that for the 85th percentile (10 mm), it widened to 26 mm by age 19 years, exceeding the difference in SSF at the 85th percentile.
The mean BMI was significantly higher in black girls than in whites even at age 9 years (Fig 3) . The racial difference in the mean BMI increased steadily until age 16 years, and then increased at a greater rate thereafter.
The BMI in black girls was higher by ϳ0.5 kg/m 2 at the 15th percentile even at age 9 years; this difference remained about the same for all ages (Fig 4) . In contrast, the racial differences in BMI at the 50th percentile generally began to increase with age, from 0.4 to 2.3 kg/m 2 between ages 9 and 19 years. The BMI at the 85th percentile for black girls was far greater (2.3 kg/m 2 ) than for white girls even at age 9 years. By age 19 years, the 85th percentile for black girls was 6.9 kg/m 2 greater than that for whites. From age 10 through 18 years, racial differences in BMI at the 95th percentile ranged from 3.6 at age 10 to 8.1 at age 18 years, ϳ1 to 2 kg/m 2 greater than the differences at the 85th percentile. However, the racial differences in BMI were similar for the 85th and 95th percentiles at age 19 years.
In general, black girls underwent pubertal maturation earlier than did white girls. Even at age 9 years, almost half of the black cohort was pubertal, whereas less than one fourth of white girls had entered puberty. 16 At ages 11 to 12 years, almost one third of black girls (28%) had achieved menarche, compared with 10.5% of white girls (data not shown). At 12 to 13 years of age, 62% of black, compared with only 40% of white girls, had achieved menarche. By age 14 years, however, Ͼ90% of both groups had achieved menarche. By age 19 years, the average number of years postmenarche was 7.4 years for black girls and 6.7 years for white girls.
A series of GEE models was used to test the effects of race, age, sexual maturation stage, and race-by-age and race-by-stage interactions on SSF. The first model, which tested the effect of race, age (9 -19 years), and race-by-age-interaction, demonstrated a significant (P Ͻ .001) interaction between race and age on SSF at age 12 years. When adjusted for stages of pubertal maturation, the race-by-age interaction term remained highly significant (P Ͻ .001). However, when the term for race-by-maturation stage interaction was added to the model, neither the raceby-age (P ϭ .10) nor the race-by-maturation stage interaction (P ϭ .29) was significant. Because of its higher P value, the race-by-maturation stage interaction term was dropped. The race-by-age interaction was then significant (P Ͻ .001) and was retained, along with terms for race, age, and maturation stage. The race-by-age interaction term on SSF indicated that after age 12 years but not before, black girls had significantly more body fat than did white girls after adjusting for maturation stage.
Race-specific GEE models for 9-to 14-year-old black girls showed that advancing pubertal maturation was consistently related to greater SSF (P Ͻ .001). Black girls who were 2 or more years past menarche had SSF that was on average 20.0 mm greater compared with the reference group of prepubertal black girls (Table 1) . Age was only weakly related (P ϭ .06), showing progressively increasing differences in skinfolds relative to age 9 years. Energy intake had a significant effect on SSF (P Յ .01), but the relationship was inverse. The relationship of SSF with physical activity, although inverse, was not significant (P ϭ .12). In white girls 9 to 14 years old, although the overall test for an age effect was significant (P ϭ .005), no consistent increase with age was present. The effect of maturation stage was consistent, positive, and significant in white girls (P Ͻ .001). The SSF of white girls who were 2 or more years postmenarcheal was on average 19.3 mm more than that of white prepubertal girls. Neither energy intake nor physical activity was significantly associated with SSF, although the direction was inverse for both (P ϭ .07 and P ϭ .11, respectively).
In black girls 14 to 19 years old, both age and age at menarche were significantly related to SSF (P Ͻ .001 for both; Table 2 ). The inverse (as indicated by the negative ␤-coefficient) relationship between SSF and age of menarche indicated that SSF was estimated to increase by 2.98 mm for each year earlier a girl achieved menarche. Energy intake was again inversely associated with SSF. Although physical activity was not significantly (P ϭ .07) associated with SSF, the direction was positive. In white girls ages 14 to 19 years, a significant association was seen for SSF with age, age at menarche, and energy intake, similar to black girls. The estimated increase in SSF for each year earlier of the age of menarche for white girls was 3.71 mm. Physical activity was not significantly associated with SSF.
DISCUSSION
The NGHS is the first longitudinal study in the United States to examine changes in adiposity in a very large biracial cohort of girls during adolescence, a critical time of pubertal maturation and increase in body size. The findings from this 10-year prospective study indicate that significant racial divergence in adiposity occurred during early adolescence. This observation corroborates what is currently known from cross-sectional surveys. 9, 23, 24 At age 9 years, when study participants were mostly prepubertal, although black girls were heavier, particularly at the higher percentiles, there was no significant racial difference in adiposity. Multivariate longitudinal analyses, adjusting for sexual maturation and other correlates, revealed that the critical age for racial divergence in adiposity was age 12 years. This is the first study that reports the timing of racial divergence in adiposity in girls. Interestingly, this was also the time of the onset of menarche in the NGHS cohort. The mean age of menarche was 12.0 years for NGHS black girls and 12.7 years for white girls. The largest gain in adiposity was seen at the time of pubescence, as shown by the largest effect size (ie, ␤-coefficients) for SSF, 7.98 mm for white girls and 10.84 mm for black girls (Table 1) . This is consistent with what is known about the peripubertal growth spurt. 25 The next milestone for a large gain in adiposity occurred around the onset of menarche (increase in SSF of 5.04 mm from pubertal but premenarcheal to postmenarcheal stage in white girls and 3.44 mm in black girls; Table 1 ). Although other studies have noted that early maturation is associated with greater level of fatness, 26 our study provides an actual quantitative measure of the effect of early maturation on adiposity. For example, our analysis revealed that for each year earlier in onset of menarche, adiposity at ages 14 to 19 years was higher by an average of 3.7 mm in SSF for white and 3.0 mm for black girls ( Table 2 ). Because black girls became pubescent at a younger age, adiposity increased more as they steadily progressed through pubertal maturation. Hence, at a comparable age, pubertal development for black girls would be more advanced than for white girls with concomitantly greater accrual of adiposity. The effect of pubertal maturation on the gain in adiposity, therefore, was cumulative and the racial difference widened with age and became evident on completion of pubertal maturation, ie, menarche. The racial difference in SSF seemed to stabilize from age 12 years onward (Fig 1) and did not differentially increase until age18 years. Furthermore, the initiation of puberty or menarche seemed to have greater impact on adiposity than pubertal maturation subsequent to menarche.
In contrast to SSF whose increase was nonlinear, BMI increased steadily throughout most of the adolescent period with a jump in the rate of increase at age 17 and 19 years. Because BMI measurements encompass lean body mass, the steady rise during adolescence may reflect increasing growth in lean tissue, in particular, bone mass, whose peak growth is realized during this time. 27 Taken together, the periods of greatest vulnerability to obesity development in girls of both races seemed to be in the pubertal period at the time of sexual maturation and again toward the end of adolescence and beginning of early adulthood. However, racial differences in SSF, unadjusted for maturation, were evident at age 10 years. These longitudinal findings give additional support to the recommendations for obesity prevention efforts targeted toward childhood and early adulthood. 28 In general, lean black girls remained comparable to lean white girls from age 9 through 19 years, as can be seen from the relatively similar values for the 15th percentile of SSF (Fig 2) . However, the BMI for 9-year-old black girls was greater than for whites by ϳ3% at the 15th percentile, most likely attributable to somewhat greater lean body mass in black girls. In contrast, even at age 9 years, the BMI at the 85th percentile was 11% greater in black girls, which increased to 23% by age 19 years. Thus, heavy black girls were already heavier than white girls at age 9 years but became even heavier during adolescence.
Adolescence is a time of both biological and social development. Although there was no increase in reported energy intake in the NGHS cohort during adolescence, there was a sizeable decrease in reported physical activity, from 446.8 to 292.1 metabolic equivalent-minutes/day (a decrease of ϳ35% in the median values), with black girls scoring lower than white girls during later years. 19 The inverse association between adiposity and energy intake was not anticipated and had not been observed in previous cross-sectional analyses of the NGHS baseline data. 29 However, inverse associations have been observed in other cross-sectional studies in adults 30, 31 and in children 32 and could be a result of reporting bias, where heavier individuals tend to underreport their food intake. 33 In contrast, it could be attributable to behavior change, where heavier individuals wishing to lose weight attempt to reduce their energy intake. 30 The physical activity scores tended to be negatively associated with SSF (in 3 of the 4 multiple regression models), an association that was significant at baseline in NGHS 28 but not in any of the longitudinal models. The lack of a significant relationship between physical activity and adiposity could be the result of high variability in the activity scores and/or of the skewed distribution of the scores in the later years of NGHS when the level of activity declined steeply. A more indepth examination of components of energy intake and physical activity may help to better explain the respective roles of energy intake and physical activity in adiposity development. Because higher mortality from cardiovascular disease in black women remains unabated and unexplained, the observed racial divergence in adiposity during adolescence may signal the genesis of the increased risk for heart disease in black women. Primary prevention of cardiovascular disease, therefore, should include targeting preventive efforts, particularly in black girls, at these critical periods of adolescence before the observed racial divergence takes place.
